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Eosinophils represent major effector cells in the al-
lergic inflammatory response. Following activation, 
these cells are capable of mediating tissue damage, 
particularly by the release of reactive oxygen species. 
In this study, the role of extracellular and intracellu-
lar calcium in the induction of the respiratory burst 
of human eosinophils was investigated in healthy 
~ non-atopic individuals. Pre-incubation of Fura-2-
loaded eosinophils with the intracellular calcium 
chelator 2-bis(o-aminophenoxy)ethane-N,N,N' ,N' ,-
tetraacetic acid prevented the increase of the [Ca + +t 
following stimulation by RANTES, C5a and PAF, in 
concentration-dependent fashion, whereas depletion 
of extracellular calciu1n in the test medium by ethyl-
,. eneglycol-bis(/3-aminoethyl ether)-N ,N ,N' ,N' -tetra-
acetic acid was ineffective. To investigate the poten-
tial role of extracellular and intracellular calcium on 
the production of reactive oxygen species, flow-cy-
tometric 1neasurement of H 2 0 2 production by dihy-
drorhodamine 123 and lucigenin-dependent chemilu-
T he presence of pe ripheral blood eosinophi lia and a. ctivatcd e.osinophils in allerg. ic tissues is a character-istic feature of atopic diseases (1 ,2). Eosinophils in particular are believed to be of major importance in the inflammatory process in allergic asthm a and 
atopi c dermatitis (3-6]. Tissue damage and propagation of inflam-
mation is thought to be mediated by the i11teraction among T h2-]jke 
T cells (7] , antigen-presen ting cells [8], and eosinophils (3,4). In 
this process, eosin ophil s are activated by several cytokines and by 
inflammatory mediators, leading to tissue injury by the release of 
toxic granule proteins and generation of reactive oxygen species 
[3,9,10] . 
Chemokines and inflammatory mediators such as l~NTES, PAF 
(11, 12], CSa, and C3a [1 3] a1·e responsible for the activation of 
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minescence were carried out. Chelation of both 
intracellular and extracellular calcium prevented pro-
duction of reactive oxygen species after stimulation 
with C5a, PAF, or RANTES. However, production of 
reactive oxygen species after stimulation by phorbol 
myristate acetate, which bypasses post-receptor events 
by direct activation of protein kinase C, was prevented 
only after chelation of intracellular but not extracellu-
lar calcium. This suggested a Ca ++-sensitive form of 
protein kinase C in the activation process of the respi-
ratory burst. These data demonstrate that intracellular 
and extracellular calcium represent a prerequisite of 
chemotaxin-induced activation of the respiratory burst 
in human eosinophils. Thus, intracellular calcium 
seems to play a central role in the modulation of the 
respiratory burst in eosinophils and might therefore be 
an interesting target for drugs that interfere with cal-
cium homeostasis and reduce the tissue destructive 
power of eosinophils. Key words: signal transductioll!clremo-
kines/Ca++.J Invest Dermato/105:231-236, 1995 
human eosinophils, pm·ticulady in the induction of the respiratory 
burst. Signal-transduction events after stimulation with chemot~'<­
ins, however, leading to the activation of the nicotinamide adenine 
dinucleotide phosphate-oxidase in human eosinophils, is poorly 
understood. Stimulation of eosin ophils by chemotaxins involves 
pertussis toxin-sensitive GTP binding protein s (G proteins) and 
activation of a phospholipase C (PLC) (14) . T he latter en zyme 
cleaves phosphatidylinositol 4,5-bisphosphate (PIP2) into the intra-
ce.llular messengers inositol 1,4,5-trisphosphate (TP3) and 1,2 sn-
dia cylglycerol (DAG). Soluble IP3 binds to an intram embraneous 
(non-mitochondrial) receptor site and causes release of seq uestered 
Ca ++ into the cytosol (14] . Because the phorbolester phorbol 
m yristate acetate (PMA), which directly activates protein kinase C 
by bypassing receptor-coupled G proteins, is the m ost potent 
stimu lus for the production of reactive oxygen species in human 
eosinophils [1 5] , there is evidence that protein kinase C plays a key 
role in the activation of the respiratory burst. Tlus hypothesis is 
further supported by the inhibition of the respiratory burst in 
eosinophils by the protein kinase C inhibitor staurosporin f15]. At 
present, an association between extracellular and intracellul ar 
Ca + +, protein kinase C, and the activation of the respiratory burst 
in human eosinopllils has not been demonstrated. 
T hus, the aim of this study was to investiga.te the relationship 
between intra cellular Ca + + fluxes and the activation of the respi-
ratory burst in human eosinophils as a possible target for drug 
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therapy to prevent the d estru ctive power of eosinophils in inflam-
matory tissue. For this purpose, the imperm eable Ca ++- c h elator 
eth y le n e glycol his (b-aminoethyl ether)-N ,.N ,N ',N' -tetraacetic 
acid (EGTA) (chela ring extracellular Ca + + ) , and the cell-perme-
able Ca ++-chelator 2-bis (o-aminoph e noxy) e than e-N,N ,N' ,N'-
tetraacetic acid-acetOJ..')'-methyl ester (BAPTA-AM) (ch e latin g in-
tracellular Ca + + ) were u sed. 
MATERIALS AND METHODS 
Eosinophil Isolation Human granulocytes were iso lated from heparin-
anticoagulated venous blood from normal non-atopic healthy donors using 
Ficoll (Pharmacia) density gradient centrifugation as described previo usly 
(11,13] . For further purification granulocytes (96% PMN; 4% eosinophils) 
were resuspended in IiEPES-buffered Hanks' balanced salt solution (HBSS ; 
Gibco, Grand Island , NY), pH 7.4 containing 1 mg/ml bovine serum 
albumh1 (HBSS + BSA). Eosinophils were purified by negative selection 
wid1 anti-CD16 antibody (clone 3G8 , Dianova, Hamburg, Germany) 
coated Dynabeads M-450 (Dynal, Hamburg, German y) as described previ-
ously [13]. T he resu.lting eosinophil purity was 99.5% deterl1llned by 
microscopic examination with Kimura staining [1 3] and flow-cytometrical 
analysis (FACScan, Becton Dickinson, Heidelberg. Germany) using phyco-
erythrin-conjugated anti-CD16 antibody (clone 3G8 , D ianova, H amburg, 
Germany) . 
Ca ++Buffering and Depletion oflntracellular Ca ++ ofEosinophils 
Phosphate-buffered saline (PBS) buffer (Dulbecco's PBS, Seromed, Ger-
many) with Ca ++ and Mg ++ contained 1 mM CaCI2 and 1 mM MgCl2 , 
PBS buffer without Ca++ contained 1 mM MgC12 , PBS buffer without 
Mg++ contained 1 mM CaC12 , and PBS buffer without Ca ++ and Mg++ 
contained neither Ca ++ nor Mg++ . Ca ++ buffering and depletion of 
intracellular Ca ++ of eosinophils were carried out in a modified way as 
described previously (16, 1-7]. Briefly, to remove extermtl Ca ++ , eosinophil s 
were preincubated in PBS without Ca++ and in the presence of 1 mM 
EGTA. Thereafter, cells were resuspended in the indicated medium [1 6] . 
For depletion of intracellular Ca++, eosin ophils were preincubated with 
different concentrations ofBAPTA-AM (Molecula.r Probes, Eugene, OR), a 
cell-pem1eable derivative of the calcium chelator EGTA. T hereafter, cells 
were washed twice and resuspended into the indicated medium (17). 
Viability of eosinophils after these procedures was more than 97% as 
assessed by trypan blue exclusion and propidium iodide staining in flow 
cytometry. 
Measurement of [Ca ++]; in Spcctroftuorometry Eos ino phils were 
loaded with 2 J.LM fura-2 (Molecular Probes) and [Ca++]; was measured at 
3 7°C in an Aminco Bowman Series 2 spectrofluorometer (SLM-Aminco, 
Urbana, JL) as described previously [1 8, 19]. Cells were stim ulated by 
H.ANTES (Pepro Tech, London, England) , C5a, PAF (all by Sigma 
C hemicals, Deisenhofen, FRG), or medium. A calibration procedur e was 
carried out after addition of the stimuli. Maximal fluorescence was achieved 
by adding triton X-100 (0.2%) and minimal fluorescence by an excess of 
EGTA according to (1 8). Absolute (Ca ++]; was calculated according to the 
followin g equation as described by Grynkiewicz ct a/ [20]: 
[Ca++); = K d X (F - F,1,.)/(F,.,_,- F). (1) 
Kd represents the dissociation constant for Ca++ -bound fura-2 and is 225 
n.M at 37°C [20] . F,,. represents the maxin1um fluorescence that could 
obtained after Triton X-1 00 (0.2%). F represents the fl uorescence of the 
experimental samples. To obtain F,;n• we added 2 mM EGTA to the 
trito n-treated cells. 
Hydrogen Peroxide (H2 0 2 ) Assay T he intracellu.lar production of 
H 2 0 2 was measured with dihydrorhodamine 123 (DHR.; Molecular Probes , 
Eugene, OR), as described previous]y in detail [21 ]. Briefly, the non-
fluorescent DHR is oxidized by H 20 2 during the respiratory burst to 
brightly flu orescent rhodamine 123. Human eosinophils (2 .5 X 105/ml) 
were labeled with 1 J.LM DHR and pre-incubated for 5 min at 37°C. 
Thereafter, cells were stimulated eithe r with PAF, C5a, PMA (from Sigma 
C hemicals), or medium and incubated for 25 min at 37"C. At the end of this 
second incubation period, intracellular H 20 2 was measured by fl ow cytom-
etry (FACScan, Becton D ickinson) . The samples were excited by an argon 
laser at 488 nm and emission was measured at 525 mn (green fluorescence, 
FL 1) using the logarithmic (log) mode, in which an increase in fluorescence 
reflects the amount of intracellular H 2 0 2 production, and even ts were 
acquired using FACScan research software (Becton Dickinson) [21] . 
L ucigenin-Dependent Chemiluminescence Chemilumin escence is a 
sensitive method fo r measurement of ROS [11 ,13,21] . Lucigenin-depen-
dent chemiluminescence was measured u sing a single-photon imaging 
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Figure 1. Extracellular calcium does not affect [Ca ++]; transients 
in eosinophils. Spectrofluorometric measurement of [Ca++]; in fura-2-
loaded human eosinophiis. Cells were pretreated in EGTA (1 mM) con-
taining buffer and resuspended in bufl:'er with Ca++ (top) or without Ca++ 
(bo1to111) as described in M aterials a11d Methods. T he am>II'S indicate the 
addition of the stimuli. O ne representative experiment of four is shown. 
system with a two-dimensiona l photon counting system (MTP reader, 
Hamamatsu Photonics, 1-Ierrsching, Germany) as described elsewhere 
(1 1, 13,21]. T llis system allows simultaneous measurement and an alysis of96 
wells. ln brief, eosinophils were suspended at a density of 5 X 104 cells/m] 
in HBSS + BSA contaitlin g 200 mM lucigenin (Sigma). Aliquo ts (100 J.Ll) 
containing 5 X 103 eosinopllils were placed in to flat-bottom wllite micro-
titer plates (Microfluor, Dynatech , Denkendorf, Gem1any) . Cell s were 
stimulated by RANTES, C5a, PAF, PMA, or medium . Measurements were 
performed in triplicate at 3 7°C. Integra l counts fro m 0- to 60-min incuba-
tion intervals after addition of the stimuli to the cell sample were measured 
and expressed as intensity integral com1ts. 
Statistical Analysis Unless o therwise sta ted , the data in the text and 
figu.res were expressed as mean± SEM. Analysis of variance (ANOVA) was 
used for comparing the experimental group to the con trol value. If the 
global test for diffe rences was signifi cant at the 5'X, level, pair-wise tests for 
differences between groups were applied (Student t test for paired data using 
5% significance level, closed test procedure). 
RESULTS 
Chelation of Intracellular But Not Extracellular Calcium 
Prevents [Ca++]; Transients in Human Eosinophils To 
study the relationship b e tween Ca ++ fluxes and the activation of 
the respiratory burst in human eosinophils , w e investigated the 
elfec t of the extracellular Ca + +- chelato r EGTA and the intracellu-
lar Ca ++- chelator BAPT A o n [ Ca + + l transients. Eosinophils were 
pre-incubated with 1 mM EGTA , resuspended in m e dium with or 
without Ca ., .. ,. , and stimulated by ch emotax in s. As shown in Fig 1, 
ch e lation of extracellul ar Ca + + did not affect PAF-induced [Ca + +)i 
transients. Similar results were obtained following stimulation of 
eosinophils with CSa and RANTES (data not shown). For c helation 
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Figure 2. Chelation of intracellular calcium prevents [Ca ++]; transients in eosinophils. SpectroAuorometric measurement of [C a++ ]; in 
fura-2-loaded human eos inophils. Cells were pre-incubated w ith medium or different concentrations of BAPTA. T he reafter , cell s were resuspended in PBS 
without C a ++ as described in i\1/ntnin/s mill Methods. T he mnlli'S indicate the addition of the stimuli (first arrow, CSa; second arrow, Trito n) . One 
representative experiment o f four is shown. 
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Figure 3. Intracellular H 2 0 2 production in eosinophils requires the presence of extracellular Ca ++ . Flo w-cy tomctrical measurem ent of 
intrace llular H 20 2 in DHR 123-loaded Iannan cosinophil s. Cell s were pretreated in EGTA (1 mM)- containing buffer and resu spended in the m edium 
indicated as described in Mntcrin ls n111l Met /111ds and stimu lated eithe r with medium (· · · ·), CSa 10- 7 M (- ). or PMA 20 ng/m l (---). O ne representati ve 
experimcut of four is sho wn . 
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of in tracellular Ca ++ , eosinophils were pre-incubated with differ-
ent con centrations ofBAPTA and resuspended in m edium without 
Ca ++ . T h e intracellular Ca ++ -chelator BAPTA inhibited the 
CSa-induced [Ca ++ ]; transient (Fig 2) in concentration-dependent 
fashio n . Even at very high BAPTA concentrations (10- 4 M) the 
cell-penneabilization agent T riton X-100 was still able to induce a 
small [Ca + +]; rise, suggesting that no t all intracellul ar Ca ++ was 
ch elated at this concentration. 
Chemotaxin-Induced H 2 0 2 Production in Eosinophils Re-
quires Extracellular and Intracellular Ca ++ To inves tiga te 
whether Ca ++ or Mg ++ is of relevance for the activa tion of the 
respiratory burst, eosinophils were pre-incubated with 1 mM 
EGTA and resuspended in PBS with Ca++ and Mg++ , PBS 
without Ca++ and Mg++ , PBS with Ca+ + but not M g + ·r , o r PBS 
without Ca + + but with M g + + . Intracellular H 2 0 2 production was 
assessed using the dye DHR 123 and flow cytom etry. 
As shown in Fig 3 , the chem otaxin CSa and the phorbolester 
PMA, w hich directly ac tivates proteinkinase C, were potent stimuli 
of H 2 0 2 production in eosin ophils in th e presence of Ca ++ and 
Mg + + as well as in the presen ce of Ca + + and absence of Mg + + . In 
contrast, chemotaldn-induced H 2 0 2 production was inhibited i.n 
th e absence of Ca++ and Mg++ or in the absence of Ca ++ and 
presence of Mg ++ . H 2 0 2 production after stimulation with PMA, 
however, was still observed in the absence ofCa ++ and M g ++ (Fig 
3), suggesting that chemotaldn-induced H 2 0 2 production, but not 
PMA-induced H 2 0 2 production , required extracellular Ca + + . 
To examine the role of intracellular Ca ++ i.n the activation 
process of th e respi ratory burst, we preincubated eosinophils with 
the intracellular Ca ++-chelator BAPTA and resuspend ed them in 
PBS containing Ca ++ and Mg ++ . T hereafter cells were stimulated 
with the chem otaxins CSa and PAF as well as the phorbol es ter 
PMA. As shown in Fig 4, the chem otaxins tested and PMA are 
potent stimuli for the generation of H 2 0 2 in the absence of 
BAPTA. In contrast, che latio n of intracellular Ca++ by BAPTA 
inhibited H 2 0 2 production in concentration-dependent fashion 
after stim ulation by th e chemotaxins tested and by PMA (Fig 4), 
suggesting th at intracellular Ca + + is required for activation of the 
respiratory burst. 
Release o f Reactive Oxygen Species (ROS) by Huma n 
Eosinophils Is Dependent on Intracellular and Extracellular 
Ca ++ To further confim1 the role of intracellular and extracel-
lular Ca ++ in the activation process of the respiratory burst, we 
used lucigenin-dependent chemiluminescence as a second tech-
nique to measure the release o f ROS. Eosinophils were preincu-
bated with the extracellular and intracellular Ca ++ -ch ela tors 
EGTA and BAPTA, respectively, and subsequently stimulated with 
the chemotaxins CSa, PAF, R.ANTES, or the phorbolester PMA. A 
representative experimen t after stimul ation of eosinophil s with CSa 
is shown in Fig 5, indicating that CSa-induced ROS release was 
dependent on intracellular and extracellular Ca + + . Identical results 
were also obtain ed following stimulation With the chemotaxins 
PAF and l:u\N TES (Table I). ln contrast to chemotaxin-induced 
ROS release, PMA-induced ROS release was inhibited only after 
chelation of intracellular Ca++ (Table 1). Furthermore, BAPTA 
was able to inhibit GM-CSF or IL-5-induced production of ROS 
(data not show n) . 
To demonstrate the concentration-dependent elfect of the intra-
cellular Ca ++-chelator on the ROS release, we pre-incubated 
eosinophils with dilfe ren t con centrations ofBAPTA and stimulated 
them with e ither the chemotax in CSa or the phorbol es ter PMA. 
Maximal and half-maximal inhibition o f ROS release by the 
intracellular Ca ++ -ch elator BAPT A after stimulation with CSa was 
observed at 50 J.LM and 10 J.LM , respectively (Fig 6). In contrast to 
CSa, maximal and half-maximal inhibition of ROS release follow-
ing stim ulation with PMA were ob ta in ed at 100 J.LM and 40 J.LM 
BAPTA, whereas 10 J.LM BAPTA did not show any significant 
effect (Fig 6). 
100 
Q) 
.0 
E 
:::J 
z 
Q) 
0 
Q) 
> 
Q) 
0: 
THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
,, 
' l I \ 
I I 
\ 
\ 
. .-'s.. 
Fluorescence 1 
DHR (H20 2) 
A 
8 
Figure 4. Intracellular H 2 0 2 production in eosinophils is depen-
dent on intracellular Ca ++ . Flow-cytometn cal measurement of intra-
cellular H20 2 in DHR. 123-loaded human eosinophi.l s. Cells were pre-
incubated with medium (A) and 50 fLM of the intracellular Ca ++-chelator 
BAPTA (B), respectively. T hereafter cells were washed, resuspended in 
medium containing Ca + +, and subsequently stimulated either with medium 
(· · · ·) , PAF 10- " M (- ), CSa 10- 7 M(····), or PMA 20 ng/ml (---).One 
representative experiment of four is shown. 
DISCUSSION 
In creased numbers of peripheral blood eosinophils and deposition 
of eosinophilic products in the inflammatory ti ssue are suggested to 
reflect the inflammatory process of allergic diseases [1 ,2] . Recently, 
it was demonstrated that tissue damage in asthma was dependent on 
the release of eosinophi lic toxic proteins as well as the release of 
reactive O:\:ygen species [3,4]. Pharmacologic treatm ent of eosino-
phil activation in patients with as thma, preventing the release of 
these products i.n the inflammatory ti ssue, m.ight be an effective 
therapy. T herefore, investigation of physiologic m echanism s in the 
activation process of eosinoph.ils is an essential prerequisite . We 
studied the relationship betw een intracellular Ca ++ fluxes and the 
activation of the respiratory burst in human eosinophi.ls to find a 
possible pharmacologic target preventing the destructive power of 
eosinophils. 
Whe reas the extacellular Ca++_chelator EGTA was unable to 
prevent [Ca .,. +]; transients after stimulation of eosinophils with the 
chemotaxins CSa, PAF, or l'tANTES, the intracellular Ca++_ 
chelator BAPTA inhibited the [Ca++]; transients. Therefore, the 
presence of :intracellular Ca + + , but not extracellular Ca + + , was 
required for the [Ca + +]; in crease after chemotaxin stimulation. 
Furthermore, these experirnents indicate that intracellular C a + +-
fluxes under these conditions were sufficient and therefore suitable 
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F igure 5. The release ofROS in eosinophils required intracellular 
a nd extracellular Ca ++ . Time course of R OS release by human eosi-
n ophils using lucigenin-dcpendent chemiluminescence. A: ce lls were pre-
incubated either with BAPTA or medium and resuspended in medium 
containing Ca ++ . Thereafter, eosinophiJs were stimulated with C5a (1 0 - 7 
M) and medium. B: cells were pre-incubated with EGTA (1 mM) and 
resu spended jn n1 cd iUJn containing Ca ++ and tned iunl \N_ith o ut Ca + + . 
T hereafter. cosinophils were stimula ted with CSa (1 0- 7 M) or medium. 
O n e represen tative expcri n1ent of fi ve is shown. 
to investigate the ro le of Ca ++ fluxes and activation of the 
respiratory burst. 
In th e first step of expe t·iments the relevan ce of extracellular 
Ca++ and M g + + was investigated. Flow-cytometrical analyses of 
intracellular H 2 0 2 production revea led that extracellular Ca + + but 
not M g ++ was required for C5a-i.nduced ac tivation of the respira-
tory burst in human eosinoph.il s. In contrast to C5a , intracellular 
H 2 0 2 production in response to PMA, which directly activates 
protein kinase C, did not require extracellular C a + + and extrace l-
lular M g + + . T herefore. these data point to diffe ren ces in the 
Table I. Effect of Different Chemotaxins on the Release 
of ROS in Eosinophils" 
BAPTA 
Stim uli + Ca ++ - Ca +4 (1o - ·• M) 
M edium 26.8 :t 4.3 13.5 :t 4.4' 21.5 :t 4.3 
RANTES 98.8 ± 22. 1 '12.6 ± 2. 11' 22.8 ± 3.1" 
PAF 251 .8 :t 42.2 17.8 :t 2.61' 20.9 :t 1.81' 
CSa 412.2 :t 109.6 49.3 :t 17.6" 16.6 :t 2.31' 
PMA 1395.4 ± 21 1.8 143 1.8 :t 254 .3 59.3 ± 29. 11' 
<~ l-lum:m cosinophils were pre-in cubated either wi th medium (+ Ca 4 +), EGTA 
( - Ca++) or BAI'TA and subsequentl y stimulated with CS a (10- 7 M) . PAF (1 0- '' M), 
RANTES (500 ng/ ml), or PM A (1 ng/ ml) . Data arc expressed as the mean of integral 
intensity co unts ( X1 o- J) :t: SEM usin g lu cigcnin-dcpcndcnt chcm ilu miucsccncc. 
G lobal diflc rcnces between gro ups: p :5 0.oo ·1 (ANOVA). 1' p :5 O.Ol. ' p :5 0.00 '1 . 
compared with the medium co ntrol (Student t test) . 
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Figure 6 . Dose-dependent effect of the intracellular Ca ++ -chela-
tor BAPTA on the respiratory burst in eosinophils. Eosinophils were 
pre-incubated with different concentrations o f BAPTA. T hereafter, ce ll s 
were washed and stimulated either with CSa (1o- 7 M). PMA (1 ng/ml), or 
medium. R OS release was measmed using Jucigenin-dependent chemilu-
minescence. Resu.lts are expressed as mean :t SEM of integral intensity 
counts fro m fi ve experiments. *p :S 0.001, **p :S 0.01 compared with ce lls 
that are not treated with .13APTA. 
signal-transduction process in the activation of the respiratory burst 
at the step of protein kinase C. 
To further confi rm these findings, lucigenin-dependent ch emi-
luminescence was ca rried o ut to m easure the release of ROS. 
Again, in contrast to the phorbolester PMA, the chemotaxins C5a, 
PAF, and RANTES w ere un abl e to ac tivate tl1e cells in th e absence 
of extracellular Ca ++ . T hus, the Ca ++-dependent activation of the 
respiratory burst i.n response to chemota.:~ins could be confirmed by 
using an additional sen sitive m ethod . T hese resu lts are in contrast to 
data o btained with g uin ea pig eosinophils sh owing that extracellu-
lar Ca + + was not required to activate the respiratory burst activity 
in response to ch emotaxins [22]. However, a second study, using 
human eosinophils, clearly demonstrated that ch emotaxin-induced , 
but not PMA-induced, enzyme release was inhibi ted after treat-
m ent with EGTA in Ca ++-free m edium [23]. T herefore, it is like ly 
that cxtnlcellular Ca ++ is required only after stimulation with 
ch emotaxins . 
ln the next series of experiments the ro le of in tracellular Ca + + in 
the activation process of the respiTatory burst was investigated . T he 
in trace llu lar Ca ++-chelator BAPTA inhibited the chemotaxin-
induced release of ROS . T hu s, it migh t be suggested that in 
addi tion to extracellular Ca ++ , intracellular Ca + + is required for 
the activa tio n of the respiratory burst following chem ota).:i.n sti m-
u lation . Furthermore, PM A-induced release of ROS was also 
inhibited in th e presence of the intracel lular Ca ++ - che lator. Be-
cause PMA is a direct activator of prote in kinase C, activation of 
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protein kinase C, which is involved in the activation of the 
respiratory burst, appea rs to be dependent on intracellu lar Ca + ·I· . 
T hese data are in agreement with a previous report showing that 
protein kinase C activity f rom eosinophil lysate supernatants (con-
sistin g only the fl-isoenzyme of protein kinase C) was reduced to 
5'Y,I in the absence of Ca + + [24]. Furthermore, it has been 
demonstrated that BAPT A inhibited PMA-mediated release of 
eosinophilic cation proteiJ1 in eosinophil s [25] . On the other hand, 
a recent study investigating priming m echanisms of human eosi-
nophiJ s suggested that [Ca ++]; transients are no t important in the 
activation of the respiratory burst in primed eosinophil s [26]. 
However, the techniqu e used for intracellular Ca + ·I· depletion of 
eosinophils may have been in effective, because the concentration of 
th e in tracellular Ca ++-chelator used was quite low [26]. 
In ou r study, the highest concentration of the Ca + + chelator 
BAPT A was unable to inhibit [C a + t- ]; transients after addition of 
Triton X-1 00 . Howe ver , the identical BAPTA concentration was 
suffi cient to inhibit the production of ROS in response to chemo-
taxins as well as in response to PMA. T h e refore, it is likely that 
C a + + fluxes in eosinophi.ls are detectable even when the respiratory 
burst activity is comple te ly blocked. 
In summary, this study demonstrates that intrace llu lar Ca + + 
fluxes in eosinophils arc an important ste p in the activation of the 
respiratory burst after stiJllulation with c hemotaxi ns. However, it 
could not be concluded that [Ca + +]; trans ie nts prior to the 
activation of the respiratory burst represent an essential pre requisite 
in eosin ophils, because other cytokin es, such as interleukin-5 and 
granu locyte / macrophage colony-stimulating fa ctor, are in sufficient 
to induce [Ca + +]; transients but activate the respiratory b urst [26]. 
Furthermore, BAPTA also inhibited the g ranul ocyte/macrophage 
co lony-stimuJatin g factor and in terl euki.n-5 induced activation of 
the respiratory burst (data not shown). T hus, the current model of 
signal-transduction events leading to the activati on of the respira-
tory burst in response to chemotaxins involves G proteins [14], 
[Ca + +]; tran sients (this study), and activation of protein kinase C 
[15]. Furthe rmore, tlus study clearly points to a synergistic effect of 
intracellular Ca ·I + and protein kinase C in the activation of the 
respiratory burst. In add ition, a very recent report demonstrated 
that 1-phosphatid ylinositol 3-kinase activity, which was totaiJy 
inhibited by wortn1annin 1.27] , is also involved in the activation of 
the respiratory burst in response to chemotaxin s but not to PMA 
[11, 15]. Genera Ll y, intracellular Ca ·•- + seems to play a central role 
in the m odulation of the respiratory burst in eosinophils and might 
be therefore an interesting target for drugs that affect calcium 
homeostasis, reduc ing the destructive power of eosinoph il s in 
inflam m atory ti ssue. 
Th is l!fOrk l!fflS S11pported I!)' n s rnlltji·olll the Omtsclte Porscllllltgsscllll'illsdttifi (Kn 
57817-1). 
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